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Introduction. Pneumonia remains a common reason for hospitalizing infants and the elderly worldwide, and streptococcal infection is often responsible. The aim of this study was to assess the burden of pneumonia in a large general population.

Methods. All pneumonia-related hospitalizations from 2004 to 2013 in north-east Italy were identified from the hospital records with a first-listed diagnosis on discharge of bacterial pneumonia, or a first-listed diagnosis on discharge of meningitis, septicemia or empyema associated with a secondary diagnosis of bacterial pneumonia. We identified major comorbidities, calculated agespecific case-fatality rates (CFR)
,
Introduction
Pneumonia remains a common reason for the hospitalization of infants and elderly adults [1] [2] [3] . The disease can be caused by a variety of micro-organisms, but the pathogen most often responsible for pneumonia is the bacterium Streptococcus pneumoniae, especially in industrialized countries [4, 5] . Pneumonia pathogens may be reported in different ways, depending on the capabilities of in-hospital laboratories, how studies on them are designed, and the season or region in which studies are conducted [6] . They can cause a spectrum of diseases of variable severity and, when the organism invades normally sterile sites such as the bloodstream and meninges, the resulting forms are classified as invasive pneumococcal disease (IPD) [1] . Pneumococcal infections in adults can be a cause of community-acquired pneumonia (CAP), a respiratory disease with a high prevalence in the general population, a marked clinical heterogeneity, and a variable severity [2] . CAP remains a leading cause of morbidity and about 30% of CAP patients require hospitalization.
The introduction of a 7-valent pneumococcal conjugate vaccine (PCV7) that targets seven serotypes (4, 6B, 9V, 14, 18C, 19F and 23F) as part of children's national immunization programs has led to a reduction in the hospital admission rates for all-cause pneumonia, particularly among children. A herd effect has also been reported in some countries [7] [8] [9] [10] . The arrival on the market of more valent conjugate vaccines (10-valent and 13-valent) and the availability of 13-valent pneumococcal conjugate vaccine (PCV13) for adults, offers new opportunities to prevent the diseases caused by S. pneumoniae [11] . An immunization program based on a 7-valent pneumococcal conjugate vaccine (PCV7) was first introduced in the Veneto and Friuli Venezia Giulia regions of north-east Italy in the early 2000s as an optional vaccination only for infants at risk (at 2-3 and 14 months old). The program was subsequently extended to offer vaccination to all children in the Veneto and Friuli Venezia Giulia regions in 2005 and 2009, respectively. In 2010, PCV13 was adopted in both regions instead of the PCV7 vaccine, and a catch-up program was implemented for infants up to 36 months old. The present study investigated the pneumonia potentially preventable by vaccination, considering hospitalization for pneumonia and for meningitis, septicemia and empyema associated with pneumonia. We estimated: i) the pneumonia-related hospitalization (PRH) rate; ii) the age-specific case-fatality rate (CFR); iii) the trends of the PRH rates by PCV7 or PCV13 vaccination period for each region; and iv) the economic cost of PRH.
Methods
Setting and data source
We conducted this retrospective study in the Veneto and Friuli Venezia Giulia regions, which have populations of 4.9 and 1.2 million, respectively. We analyzed the hospital discharge records (HDRs) of public and accredited private hospitals in the two regions from 1 January 2004 to 31 December 2013. HDRs include the following data: details of the hospital; patient's name, date of birth, gender, place of residence, and date of admission; surgical and other procedures; and date and type of discharge. Each HDR contained one primary diagnosis (or first-listed diagnosis) and up to five secondary diagnoses based on the diagnostic codes of the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). Generally speaking, the first-listed diagnosis concerns the main condition identified during the patient's hospital stay, while other diagnoses indicate associated or contributing conditions (comorbidities and/or complications).
Inclusion and exclusion criteria
The PRH rate was calculated considering all hospitalizations identified from the HDRs as having a first-listed diagnosis on discharge of bacterial pneumonia potentially preventable by vaccination, or a first-listed diagnosis on discharge of meningitis, septicemia, or empyema associated with a secondary diagnosis of bacterial pneumonia potentially preventable by vaccination. Table I shows the diagnostic codes used as inclusion criteria. Only HDRs concerning residents of the Veneto or Friuli Venezia Giulia regions were considered. Day hospital admissions were disregarded for the purpose of this analysis.
Comorbidity
We obtained information on comorbid conditions from all hospital diagnoses mentioned in the HDRs. The ICD-9-CM diagnostic codes were selected on the basis of the current recommendations for pneumococcal vaccination in the Italian vaccination program [12] (see Table II ). The presence of at least one of these comorbidity codes was used to classify patients by specific comorbidities.
Pneumonia-related hospitalization rate
Based on the total number of hospital admissions concerning Veneto and Friuli Venezia Giulia residents in each year considered, annual hospitalization rates were calculated by dividing the annual number of hospitalizations by the population in the year considered, according to the Veneto Regional Authority's statistical office, and expressing the rates as hospitalizations per 100,000 population. For patients readmitted within 30 days, only the first hospital stay was considered when calculating the hospitalization rate. The length of hospital stays was calculated as the days elapsing between the dates of admission and discharge, and the mean hospital stay was calculated. The case-fatality rate (CFR) was calculated by dividing the number of in-hospital deaths by the number of patients hospitalized with a diagnosis of pneumonia-related diseases, expressed as a percentage. Only first hospital stays were considered.
Temporal trends of the PRH rate by vaccination period
In the Veneto, the vaccination coverage for 24-monthold infants was low (10-40%) up until 2005, then rapidly increased from 2006 to 2010 (70-80%), and has exceeded 80% since 2011. In Friuli Venezia Giulia, the coverage rate was low up until 2009, then reached 70-80% in 2009, and has exceeded 80% since 2010.
Tab. I. Diagnostic codes used for hospital discharge record selection. In classifying vaccination coverage at 24 months, we distinguished between: a "PCV7 period", when the coverage rate was < 40%; a "late PCV7 period" when it was 70-80%; and a "PCV13 period", when it exceeded 80% (Tab. III). Throughout the study period, the 23-valent pneumococcal polysaccharide vaccine (PPV23) was optionally offered to 65-year-olds, achieving a low coverage (< 50%) in both regions. For each region (considering only first hospital admissions), the trends of the PRH rates were calculated for the three vaccination periods and correlated with the pneumococcal vaccination coverage in children.
Pneumonia-related hospitalization Discharge Diagnoses Group
Estimated cost
The annual cost of the PCV13 vaccination campaign was calculated using the acquisition cost of the vaccine (€ 42.5 per dose; three doses for children and one dose for a one cohort strategy (in the elderly), the time per injection for immunization activities (physician, health visitor or nurse, records: 8.6 minutes [13] ). To convert this time into a cost, we considered the hourly cost of each actor (€ 71/hour for a physician, € 18 for a health visitor). The vaccination coverage rate considered to estimate the overall cost was 90% of children and 50% of elderly people. The population considered was the resident population in 2014 (newborn and 65 year-olds).
The estimated cost to the health care system of PRHs was calculated using the diagnosis-related groups (DRGs) of hospitalized patients. The DRGs depend on the patients' ICD classification at the time of their discharge from hospital, their age and gender, and the consumption of resources during their hospital stay. According to the DRG-based reimbursement system, every hospitalized patient belongs to a group of diagnostically homogeneous cases. Patients within each category are therefore similar in clinical terms, and are expected to require the same level of hospital resources. As a result, patients in the same DRG are assigned the same reimbursement charges. All hospital stays were considered for patients readmitted within 30 days.
Statistical analysis
The data were analyzed using the chi-square test, Student's t-test for unpaired data, and Pearson's test, and 95% confidence intervals were calculated, as appropriate. A p value < 0.05 was considered significant. Analyses were performed using the Statistical Package for the Social Sciences (SPSS 16.0; SPSS Inc., Chicago, IL, USA). Significant trends over the years considered were assessed as average annual percent changes (AAPC), a summary measure of the trend over a given fixed interval that is computed as a weighted average of the annual percent change (APC) emerging from the joinpoint model, using weights equating to the length of the APC interval. If an AAPC lies entirely within a single joinpoint segment, the AAPC is the same as the APC for that segment [14] .
Ethical principles
The study was conducted on data routinely collected by the health services and linked to anonymized records that make it impossible to identify the individuals concerned. The data analysis was performed on anonymized aggregated data in the Local Health Authority registries that are recorded with the patient's consent and can be used in aggregate form for scientific studies without further authorization [15] . This study complies with the Declaration of Helsinki and with Italian privacy law (Decree n. 196/2003 on the protection of personal data). The patients were male in 52.6% of cases (66,131 patients); the mean hospital stay was 11.9 ± 10.1 days, and did not vary between genders. The mean hospital stay increased significantly with age (p < 0.001), reaching about 13 days for patients aged 65 or more.
Results
Pneumonia-related hospitalizations
The characteristics of the sample are shown in Table I .
In the sample as a whole, 32.4% of patients had at least one chronic comorbidity and the number of comorbidities tended to increase with age (p < 0.001); their frequencies by principal type are shown in Figure 1 . As for outcome, the overall CFR was 12.4% and remained stable during the study period. This rate increased with age, peaking in people over 80 years old (19.6%). The overall annual PRH rate during the study period was 204.6 per 100,000 population (221.2 per 100,000 males and 188.8 per 100,000 females). Both genders showed two age-related peaks, one in children aged 0-4 years (325.6 per 100,000 in males, 288.9 per 100,000 in females), the other in adults over 65 years old (844.9 per 100,000 in males, 605.7 per 100,000 in females). The hospitalization rates for pneumonia were highest for the 0-4 and 80+ age groups, irrespective of the different types of vaccine used or their coverage. The rates for children up to 4 years of age were similar to those for 65-to 79-year-olds, at about 330 hospitalizations per 100,000 population a year. (Fig. 2) . Figure 3 shows that the PRH rate was consistent with the timing of the vaccination programs by region. The PRH rate was 204.9 per 100,000 in the Veneto, and 203.3 per 100,000 in Friuli Venetia Giulia. In the Veneto, the PRH rate dropped for the 0-to 4-year-olds from the early PCV7 period (2004) (2005) the same periods. In Friuli Venezia Giulia, the figure was much the same for the 0-4-year-olds, with reductions of 21% and 31.7% from the early to the late PCV7 period, to the PCV13 period (p < 0.01); while the PRH rate rose by 8.4% (p < 0.01) from the first to the last period among individuals aged 80 years or more (Fig. 3) . The overall estimated costs of the vaccination campaign for new-born and 65-year-olds was € 8.5 million (€ 6.4 
Discussion
This retrospective observational study assessed the trends of pneumonia-related hospitalization in a population of 6.2 million, confirming that the burden on hospital resources is an important public health issue. The PRH rate was stable on the whole, but dropped significantly for infants (0-4 years old), and this trend may be thanks to a greater vaccination coverage in this age group since 2008. Hospital admissions for pneumonia involving children aged 0-4 years dropped once the PCV7 coverage rate improved, and even more after the PCV13 vaccine was introduced. The same situation was confirmed in both regions, but Friuli Venezia Giulia had a lower hospitalization rate than the Veneto, probably due to differences in the two regions' admission modalities for this age group. Much the same picture has emerged in other areas [9, 10, 16] . The reduction in PRHs for infants seen in our sample was initially lower than the figures reported in previous observational studies [8, 17] . This may be due to a different diffusion of pneumococcal serotypes in our region, leading to a better coverage after the addition of more serotypes in the 13-valent conjugate vaccine (especially 19A, 3 and 1) [18] . The risk of pneumonia increases considerably with age and our analysis revealed a rising trend in the hospitalization rate for the very elderly (80 + years old). In contrast with our data, a similar retrospective study conducted in the US on hospital discharge records for the years 1997 to 2009 showed a substantial reduction in adult hospital admissions for pneumonia [7] . This difference could have several explanations. The magnitude of the indirect effects of vaccine-derived immunity depends on multiple influences relating to the transmissibility of the infection, the nature of the vaccine-induced immunity, the serotypes circulating, the patterns of mixing and transmitting infections in a given population, the type and schedule of vaccine used, the coverage achieved and, more importantly, the population's immunity. The heterogeneity of immunity and the complexity of populations make it difficult to draw comparisons [19, 20] . Active surveillance systems for monitoring invasive bacterial diseases show that serotypes not covered by the 7-valent pneumococcal conjugate vaccine (such as 19A) play a significant part in the burden of pneumonia-related disease [18] , suggesting the likelihood of a reversal of the herd effect [21] . Our analysis confirms the mortality rate reported in other studies, with a CFR of 12%, and even higher in highrisk patients [22] . The introduction of PCV13 for infants in north-east Italy in 2010, and its subsequent use in people over 65 years old, can be expected to produce some benefits in years to come. A limitation of this retrospective study lies in that it is impossible to rule out external factors that might confound the apparent effect of vaccination on the agespecific rates of hospitalization for pneumonia, such as changes in patient management or the diagnostic coding of pneumonia. Any systematic shift in the management of pneumonia is unlikely to have coincided with the introduction of the pneumococcal vaccine, however [8] .
A better understanding of the effects of higher-valence vaccines could improve the sensitivity of surveillance systems and add to our understanding of the potential invasiveness of serotypes not included in PCVs (the prevalence of their carriage could be compared with their prevalence in invasive pneumococcal disease). This is an aspect of surveillance that has hitherto been largely overlooked. A large trial to ascertain the efficacy of PCV-13 in adults > 65 years of age was begun in the Netherlands in 2008.
The main objective of this trial was to establish the efficacy of PCV-13 in the prevention of a first episode of vaccine-serotype specific CAP (vaccine efficacy 45.6%). The study also tested the efficacy of PCV-13 against first episodes of non-bacteremic vaccine-serotype-specific CAP and vaccine-serotype-specific invasive pneumococcal disease (IPD). The results indicated that PCV-13 was effective in preventing vaccine-serotype pneumococcal, bacteremic, and non-bacteremic CAP, and vaccine-serotype IPD, but not all-cause CAP [23] . It is not easy to estimate the morbidity of S. pneumoniae diseases due to variable levels of accuracy in reporting the cases diagnosed, and to differences in surveillance methods and microbiological methods, but HDRs can be useful for assessing the cases severe enough to warrant hospitalization [14] . In our sample, 96.9% of the patients with pneumonia were first-listed diagnoses, so their disease was probably community-acquired (since hospital-acquired infections are not normally recorded as a first diagnosis). Vaccination can only have an impact on CAP, not on hospitalacquired pneumonia, because of the different types of agent involved. S. pneumoniae is considered the most common pathogen responsible for pneumonia, accounting for about 24% of all cases [6, 24] . One of the difficulties in this setting concerns the availability of microbiological data and the dubious accuracy of the total number of hospital admissions identified as being related to S. pneumoniae (SP) due to coding errors in the hospital records. In our dataset, the number of SP-specific diagnoses was very low and varied by age group. The use of different diagnostic testing procedures may have influenced the pattern emerging between the diagnostic subgroups. This is the impression that emerges on comparing the percentage of pneumonia cases of unspecified etiology in our study (93.7%) with the 55% found in a recent study conducted in Australia, where cases hospitalized for CAP underwent a standardized, detailed assessment for bacterial and viral pathogens [8] .
A review on the burden of CAP among adults in Europe showed that Italy had the lowest rate of identification of pneumococcal disease and recommended improvements in the diagnostic assays used to detect pneumococcal pneumonia with a view to enhancing the detection rate and generating a more accurate epidemiological picture [25] .
It is important to ensure a good vaccination coverage among older people for both influenza and pneumococcal disease. In the latter period of our study, the annual influenza vaccination coverage in our elderly population dropped from about 75% in 2004 to about 60% in 2013, meaning that other measures are needed to prevent pneumonia in seniors [26] . Continued monitoring and longitudinal analyses are warranted to assess the longer-term effects of various contributing factors such as serotype replacement, and vaccination coverage, as well as catch-up programs. This will be particularly important as new pneumococcal conjugate vaccines offering additional serotype protection are licensed and included in immunization programs.
From the economic point of view, the implementation of PCV13 vaccination in the elderly is justified by the cost-effectiveness of this preventive measure. Our estimated costs are similar to those indicated in a model used in another study conducted in the same geographical area [27] , presumably indicating that the benefits of vaccination could be extended to our context.
Conclusions
Prevention remains the most valuable tool to help reduce the burden of pneumonia, and vaccination strategies can be used for the primary prevention of infection and possibly to contain this disease in all age groups. The availability of new-generation pneumococcal conjugate vaccines with a broader antigenic spectrum and suitable for people of all ages suggests interesting new opportunities for improving the control of pneumococcal disease in the population as a whole.
